ReA. In RA suPAR is related to disease activity. suPAR seems though not merely to be an acute phase reactant like CRP. Increased suPAR values might reflect erosive activity in RA.
(Ann Rheum Dis 1999;58: [488] [489] [490] [491] [492] The serine protease plasmin plays a central part in extravascular as well as intravascular fibrinolysis, and more generally in the extracellular matrix degradation that is an essential part of tissue remodelling.
1 A crucial element in the regulation of these processes is the proteolytic activation of plasminogen to plasmin. Two types of plasminogen activators (PA) have been characterised: tissue type PA (tPA) and urokinase PA (uPA). The primary role of tPA is thought to be in fibrin dissolution and thrombolysis, while uPA is mainly involved in pericellular matrix degradation during tissue remodelling. 2 3 The eVect of uPA is intensified and localised through binding to a specific cell bound receptor (uPAR) , that is expressed on a variety of cell types, including neutrophils, monocytes/macrophages and malignant cells. 3 Plasminogen activation is influenced by inflammation, and specifically the pro-inflammatory cytokines interleukin 1 and tumour necrosis factor induce an upregulation of uPA and downregulation of tPA. 4 5 Rheumatoid arthritis (RA) is characterised by chronic immune inflammation and invasive growth of synovial pannus tissue. Consistent with this, analysis of synovial tissue from RA and osteoarthritis patients, and normal synovial tissue have revealed higher uPA activity and markedly increased expression of uPAR in the RA synovial tissue, especially at the marginal zone between pannus and cartilage. [6] [7] [8] [9] [10] [11] [12] uPA has been shown to induce bone resorption in vitro, and this eVect was substantially increased when both uPA and uPAR were added. 13 Increased uPA concentrations have also been found in RA synovial fluid, [14] [15] [16] [17] [18] but not, however, in plasma, where normal or only slightly increased values of uPA were measured. 17 18 uPAR may be released from the cell surface by either cleavage of the glycolipid anchor by a phospholipase, or cleavage of the protein close to the anchor, thus forming a free soluble receptor (suPAR). 19 20 suPAR is detectable in low, but fairly constant concentrations in plasma of healthy, normal people. 19 21 Increased plasma concentrations of suPAR have been found in patients with advanced cancers of lung, breast and colon (reviewed in Behrendt and Stephens 20 ). Increased suPAR concentrations in plasma seem to be a marker of invasive malignant growth 3 and modalities of treatment influencing the uPA system are presently gaining increasing interest in oncology. 20 Similarly, uPAR might play a pathophysiological part in inflammatory rheumatic diseases and increased concentrations of suPAR in plasma could be an easy accessible indicator of ongoing and extensive tissue degradation and remodelling.
To initially study the relations of suPAR in rheumatic disorders, we have in a cross sectional design measured suPAR in plasma of healthy controls and patients with various inflammatory rheumatic disorders with special reference to RA.
Methods

SUBJECTS
Three groups of patients and a control group were included in the study.
RA group
This group consisted of 51 patients with various levels of inflammatory activity and no known malignancies; all fulfilling the ACR criteria for RA. 22 Table 1 shows the characteristics of the RA patients. Twenty patients were receiving treatment with methotrexate (in eight patients in combination with low dose prednisolone <10 mg daily), others were receiving treatment with sulfasalazine (n = 5), penicillamine (n = 3), parenteral gold (n = 2), hydroxychloroquine (n = 3) or low dose corticosteroids alone (n = 6). Twelve patients received no disease modifying anti-rheumatic drugs (DMARDs). Nine RA patients received nonsteroidal anti-inflammatory drugs (NSAIDs). Records of radiographic investigations, performed as a part of routine clinical control, were used to evaluate the patients for the absence or presence of bone erosions.
Reactive arthritis (ReA) group
This group consisted of 23 patients (8 women and 15 men, aged 16-51 (mean 32.0) years) with predominantly lower limb oligoarthritis usually after an enteric or urogenital infection. Disease duration ranged from 0.1 to 13 (mean 2.7) months. In five patients the triggering infection was caused by Yersinia enterocolitica or Salmonella sp, in two Chlamydia trachomatis, and one patient developed ReA after a streptococcal throat infection. In 15 cases the triggering infection could not be determined by either culture or serology, and the diagnosis of ReA was made when the patients fulfilled the criteria of monoarthritis or oligoarthritis in combination with at least one of the following: urethritis, dactylitis, sacroiliitis or conjunctivitis. One ReA patient was treated with sulfasalazine, one with methotrexate, 10 were taking NSAIDs and three had had local corticosteroid injections during the course of their disease.
Primary Sjögren's syndrome (PSS) group
This group consisted of 42 patients (40 women and two men, ages 27-88 (mean 62.8) years) all meeting the preliminary European Community diagnostic criteria 23 as well as the Copenhagen diagnostic criteria 24 for PSS. In addition to topical treatment for dry eyes and mouth, the patients were treated with hydroxychloroquine (n=3) and low dose prednisolone (< 10 mg per day) (n=3). Three patients received NSAIDs.
The control group
This group consisted of 53 healthy volunteers (39 women and 14 men, aged 22-82 (mean 55.6) years) matching the RA group with regard to age and sex.
STUDY DESIGN
Plasma and clinical parameters
Blood samples for suPAR measurement were obtained from participating subjects into EDTA tubes. Cells were removed after centrifugation at 3000 rpm for 10 minutes within one hour, and the supernatants were stored at −72°C until use. suPAR was analysed using a modification of the kinetic ELISA technique described previously. 21 This method used the R2 monoclonal antibody (domain-3 specific) as capture antibody (coating 1.0 µg/ml), and rabbit antihuman uPAR antibodies (1.0 µg IgG/ml) for detection of bound uPAR. A monoclonal antirabbit IgG antibody conjugate with alkaline phosphatase (Sigma, St Louis, MO; 1:2000 dilution) was used to enable continuous rate measurements.
On every ELISA plate a series of standards was included, which consisted of seven serial dilutions in triplicate of purified recombinant suPAR starting from 1 ng/ml, then 0.5, 0.25, 0.125, 0.0625, 0.0313 and 0.0156 ng/ml. Also included on each plate were triplicate wells of a 1:10 dilution of a control citrate human plasma pool. The assay plates were measured in a Ceres 900 plate reader (Bio-Tek Instruments, Winooski, VT). The yellow colour development at 23°C was monitored automatically, with readings taken at 405 nm against an air blank every 10 minutes for 60 minutes. KinetiCalc II software was used to manage the data, calculate the rate of colour change for each well (linear regression analysis) and compute from the rates for the suPAR standards a 4 parameter fitted standard curve, from which the suPAR concentration of each plasma sample was calculated. C reactive protein (CRP) was at inclusion measured by routine procedures. In the RA, ReA and control group erythrocyte sedimentation rate (ESR) was also measured in the morning by the Westergren method at inclusion.
Clinical evaluation of the patients included in the RA group measurement of swollen and tender joints on the 28 joint count model, patient reported pain and disease activity on a 10 cm visual analogue scale (VAS), and assessors global assesment of disease activity on a 1-5 whole point scale according to the EULAR recommandations for disease assessment in RA. 25 
STATISTICS
The non-parametric Mann-Whitney test was used for the diVerences between groups, and the non-parametric Spearman test was used for correlations. The level of statistical significance was chosen as p< 0.05. SPSS software was used to construct a database, and to make the statistical calculations and graphic.
ETHICS
The study was approved by the local scientific ethical committee (KA 97171).
Results
The results of the study appear in figure 1 and  table 2. suPAR concentrations in the control group were distributed in a fairly narrow range. A positive correlation to age was shown ( =0.43, p<0.01). No diVerence between plasma suPAR concentrations in women and men was found.
In the RA group significantly increased suPAR concentrations were found compared with the control group: median (range) 1.47 (0.65-6.62) µg/l v 0.91 (0.56-1.94) µg/l (p< 0.001). suPAR in RA was also increased compared with the other patient groups: RA v ReA:1.47 (0.65-6.62) µg/l v 0.68 (0.52-1.48) (p<0.001); RA v PSS:1.47 (0.65-6.62) µg/l v 1.12 (0.67-1.92) µg/l (p=0.004).
The RA group was for analytical purposes divided into two groups with suPAR values over and below the median value. No diVerences between the group of RA patients with high suPAR (> 1.47 µg/l, n=25) compared with the group of RA patients with low suPAR (<1.47 µg/l, n = 26) could be demonstrated with respect to seropositivity, erosions on radiography or medical treatment. The patients with high suPAR had shorter disease duration (mean: 127 v 160 months), but the diVerence did not reach statistical significance.
suPAR concentrations in RA were significantly positively correlated to CRP ( =0.44; p<0.01), ESR ( =0.35; p<0.05), number of swollen joints ( = 0.29; p<0.05) and age ( =0.28; p<0.05).
In the PSS group significantly increased suPAR concentrations were found compared with the study controls:1.12 (0.67-1.92) µg/l v 0.91 (0.56-1.94) µg/l (p<0.001), while the patients in the ReA group had significantly lower suPAR concentrations than the study controls 0.68 (0.52-1.48) µg/l v 0.91 (0.56-1.94) µg/l (p<0.001). In the ReA group no correlation was found between suPAR and CRP or ESR, while a correlation was found between suPAR and CRP in the PSS group ( =0.36, p<0.05).
In one RA patient extremely high suPAR (6.62 µg/l) was measured. This patient had inflammatory active RA, and developed during the period of this investigation erosive bone changes on radiographic investigation. The patient did not in any other way diVer from other inflammatory active RA patients.
Discussion
This study is to our knowledge the first report of suPAR concentrations in plasma of patients with inflammatory rheumatic diseases. We were able to demonstrate a significant increase in suPAR concentrations in plasma of a group of RA patients, most of them with longstanding disease and clinically presenting with only mild to moderate disease activity, and many receiving treatment with DMARDs.
The release of suPAR from the surface of cells is believed to occur through either the action of phospholipases on the glycolipid anchor of uPAR, or the cleavage of uPAR protein by proteases. 20 The release of uPAR could be part of a counteracting self regulating mechanism attenuating localised plaminogen activation. The soluble receptor has the ability to bind uPA, but the physiological function of the free receptor is unknown. Nevertheless, suPAR concentrations in healthy persons are fairly constant, which might indicate a physiological regulation of suPAR concentrations.
A positive correlation of suPAR to age was found in RA, but this was not diVerent to the observations made in the control group. suPAR concentrations in the RA patients correlated with the indices of disease activity: CRP, ESR and number of swollen joints. However, suPAR appeared not to be merely an acute phase reactant, because while the ReA patient group had the highest CRP concentrations, this group was found to have very low suPAR concentrations.
Seventy one per cent of our RA patients were at some time during their routine follow up shown to have bony erosions. The fact that we were unable to demonstrate any relation between suPAR concentrations and radiographic confirmed erosions, may be attributable to the study design, where erosions may not have been observed yet, as radiographic investigations were not done systematically at inclusion. But it may also reflect that suPAR levels are correlated to ongoing disease activity, while bone damage is the result of previous and longstanding disease activity.
Follow up studies including RA patients with early arthritis may help to clarify the possible relation between uPA activity, and in particular suPAR concentrations, and the tendency to evolve destructive tissue damage. Therapeutic inhibition of the uPA system to counteract invasive growth of pannus tissue might in the future represent a new treatment modality for RA, as it has already been suggested. 26 27 On the other hand, one action of the fibrinolytic system is the removal of fibrin from the synovial space, which seems to have a beneficial eVect on the arthritis, 28 29 and the net eVect of modulating the uPA system is therefore at present diYcult to predict.
The RA group also showed increased suPAR concentrations compared with other groups of patients with inflammatory rheumatic disorders. This might indicate the diVerences in capacity of destructive, erosive growth of inflammatory tissue between RA and the other disorders. On the other hand the PSS group showed a slight, but significant increase in suPAR as compared with healthy controls, suggesting that the uPA system in this immunoinflammatory disorder may also play a pathogenic part.
That the ReA group had lower suPAR concentrations than our control group might at least partly be explained by diVerences in age distribution of the two groups.
It is not possible from this study to evaluate the eVects of DMARDS and corticosteroids on the uPA system, as patients with active disease and presumably increased uPA activity, also are more likely to be receiving treatment with these drugs. Our study included too few patients with short disease duration to evaluate the suPAR concentrations in early arthritis before treatment with DMARDs is started.
In conclusion, we found increased concentrations of suPAR in RA with correlation to disease activity. These results in our opinion are interesting enough to call upon further prospective studies of suPAR concentrations in RA to evaluate whether suPAR concentrations in plasma constitute a valuable early marker of erosive, destructive arthritis, and whether in the future treatment entailing inhibition of the uPA system could become a therapeutic option.
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